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(57) Abstract: A method of recovering titanium dioxide from 
a titanium oxide bearing raw material, such as e g. steel slags 
rich in H02 includes the steps of grinding the titanium dioxide 
raw material, reacting the particulate raw feed material with 
sulphuric acid under specified conditions, digesting and filtering 
the resultant cake material containing titanyl sulphate, hydrolysing 
the titanyl sulphate and, after washing the hydrolysate, calcining 
the hydrolysate to produce titanium dioxide. 
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RECOVERY OF TITANIUM DIOXIDE FROM TITANIUM OXIDE BEARING MATERIALS LIKE 
STEELMAKING SLAGS 



BACKGROUND OF THE INVENTION 

THIS invention relates to the recovery of titanium from titanium bearing 
materials, and in particular to a method of recovering titanium dioxide or 
titanium metal from a titanium dioxide bearing material, ■ 

Highveld Steel and Vanadium Corporation is a large manufacturer of steel 
using its own unique steel manufacturing process The slag produced in this 
steel manufacturing process is rich in titanium dioxide, typically in amounts of 
22 to 32% of the slag material. 



Pure titanium dioxide is white in colour and is, therefore, a valuable pigment 
used in many applications such as the production of cement, 
polymers and the like. The slag produced in theHighvetd Steel manufacturing 
process Is an ideal source of titanium dioxide for this purpose. However, there 
is currently no viable commercial process for recovering the titanium dioxide 
from the slag material 
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SUMMARY OF THE INVENTION 

A method of recovering titanium dioxide from a raw material containing the 
titanium dioxide Comprises the steps of: 

a) grinding the titanium dioxide bearing material to form a 
particulate raw feed material; 

b) contacting the particulate raw feed material with a 
predetermined amount of sulphuric acid in a reaction vessel, 
and raising the temperature in the reaction vessel to a 
predetermined temperature at which a reaction takes place to 
produce a cake material containing titanyl sulphate; 

c) contacting the cake material with a sufficient quantity of water, 
and optionally recovered process acid, to dissolve the cake 

material, vyhich cpntains the titanyl sulphate; 



d) filtering the resultant suspension and collecting the solution 
containing the titanyl sulphate; 



e) hydrolysing the titanyl sulphate containing solution by 
contacting the solution with water, which has first been seeded 
with an appropriate amount of ruble and heated, or a portion of 
... previously . Jhydrolysed solution ..containing, hydrated titanium 
dioxide, and heating the solution to boiling point to precipitate 
out hydrated titanium dioxide; 



f) washing tft£ hydroly sate with an ammonium solution to remove 
residual sulphate as ammonium sulphates followed by filtering 
off the hydrated titanium dioxide; or 
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9) filtering the Jiydroiysate wfth podium 

hy^^de, ammonium hydroxide, water, phosphoric acid and/or 
diluted sulphuric acid; and 

h) calcining the ^ hydrqlysate to drive off any residual acid and 
water of crystallisation to produce titanium dioxide. 

The slag in step a) is preferably ground to form a particulate material in which 
at least 80% of the particles ^a micron mesh, 

more preferably a 45 micron mesh ; „r . • ■ 

. Th e reaction of the jsulphuric acid solution particufate feed material in step 
b) typically takes place in a fusion reactor, which niay be a batch or continuous 
fusjpn reactor 

The temperature is pnsferably raised In the fusion reactor by introducing pre- 
heated air into the reaction vessel. 

Cold air is preferably blown through the rake material, in particular for a period 
of about 4 hours, after the reaction is completed to produce a porous cake. 

The porous cake is preferably left to mature for an appropriate time, typically 
about 8 hours. 

In step c), air is preferably introduced with the water, and optionally recovered 
process acid, in order to assist with agitation to dissolve the cake. 



The air is preferably cold air to control the reaction temperature, preferably 
below about 85°C, more preferably below about 7 5°^ in order to prevent 
premature crystallisation of Tip* 
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After the desired amount of water ^ 

agitation is used to break the cake into a homogenous suspension. 

The hydrolysis step e) is preferably corned out in the absence of a prior 
crystallisation arid vacuum a^centration step haying taken place. 

* ■ 

The slag material typically also contains V 2 0 5l FeO and calcium. The calcium 
is typically removed as calcium sulphate, typically during the filter d). 
The vanadium and iron are typically removed as VOSO4 and FeS0 4 or 
FeOS0 4 in the solution remaining in step e). 

If necessary, the titanium dioxide produced in step h) may be further purified. 
The additional purification method preferably comprises the steps of: 

bricketjng or pelletising the titanium dioxide and subjecting it to 
a chlorination step, in particular gas chlorination, in order to 
produce gaseous TiCI 4 ; 

condensing the gaseous TiCl 4 to produce a crude liquid TiCI 4 ; 

distilling the crude liquid TiCl 4 to produce a substantially pure 
TiCI 4 liquid; and e'rthe^r 

gasifying the pure TiCt 4 liquid to produce gaseous T»CI 4 and 
oxidising the gaseous TiCI 4 to produce titanium dioxide 
pigment, or 

treating the pure TiCI 4 liquid in a conventional process, such as 
a Krohl process, to produce metallic titanium. 



k) 
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BRIEF DESCRIPTION OF THE DRAWING 

The invention will now be described in more detail, by way of example only, 
with reference to the a^ 

diagram of a preferred embodiment of a method of recovering titanium dioxide 
according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention is directed at a so-called sulphating process for 
recovering titanium, in particular :titanium dio^ tftanium bearing . 

material, in particular a slag produced in a steel manufacturing process 
containing titanium dioxide. 

In the first embodiment of the invention, the titanium bearing material is ground 
to an appropriate particle size and classified. -For ease of describing the 
process, reference is made to a slag produced in a steel manufacturing 
process, the slag containing about 22 to 32% ^ raw 
material is ground into a particulate material until at least 80% of the titanium 
dioxide in the slag is liberated and is able to pass through a 175 micron mesh, 
more preferably a 45 micron mesh. 

The particulate material is then reacted with sulphuric add In a continuous or 
batch fusion reactor. In order to carry out the reaction* the desired: amount of 
sulphuric acid, typically a 93% to 96% sulphuric acid solution at suitable 
temperature, is firstly introduced into the fusion reactor. The particulate feed 
material is then added to the sulphuric acid solution. Preheated air, or steam if 
appropriate, is then introduced through the bottom of the reactor and allowed 
to rise through the reaction mix in order to heat the reaction mix to the point 
where the reaction commences. The heated air is normally introduced at 
about 400°C and the reaction usually commences at around 100°C. 
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The exothermic reaction of the sulphuric acid with the finis feed material is a 
violent reaction, which is evident from the white fumes of SO2/SO3 coming off 
the reaction mixture. After the reaction has proceeded substantially to 
completion, a dense ::cake 

velocity is increased and allowed to pass through the cake material in order to 
"mature if I.e. to produce a porous cake material. 

Once the porous cake material has been produced, water fe introduced from 
the bottom of the reactor and allowed to flow through the cake to begin 
digestion thereof. During this leaching step, it is important to introduce cool air 
into the reactor to keep the temperature below about 85°C, preferably below 
75°C, depending on the feed stock (e.g. if it has a high chromium content) to 
avoid premature precipitation of titanium dioxide. The leaching proceiss is 
continued until the cake material has been completely digested, resulting in a 
liquid to solid ratio of about 1:1, with a high concentration of HOSO4. VOS0 4 , 
and FeOS0 4 or FeS0 4 . Typically, the cool air is allowed to pass through the 
cake gnd act as a mixing agent or agitator until the cake has been completely 
digested and a suspension is produced. This stage of the process typically 
takes about 4 hours Until completion. 

Once the cake material has been digested, the reactor is drained and the 
suspension subjected to a filtration step in an appropriate filter system (such 
as a settling drum and press) to remove calcium sulphate and other slag 
residue. The calcium sulphate and slag residue can be further treated in a 
conventional way to recover H 2 SQ 4 to make the tailings more environmentally 
friendly. ..- 

The solution containing T1OSO4, VOS0 4l FeOS0 4 arid FeS0 4 and minute 
amounts of calcium is a very dense solution (having the appearance of an oil) 
due to the high concentration thereof. 
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^ e den ^ e solution is processed in a hydrolysis step in order to precipitate but 
the Ti0 2 xH 2 0. During this hydrolysis step, about 1% nuclei rutile is added to 
water at 25°C, whereafter the water is heated to a temperature of about 60°C. 
The titanyl sulphate solution is then added to the seeded water and the 
temperature raised to boiling point 95°C), at v^ich stage 
place. : Hydrolysis is dearly evident from the: white suspension Which is 
produced. This step is allowed to proceed for 1 hour in order for hydrolysis 
to be ^ completed. J'^'.IV^V?^!!® then filtered fri a hot filtration step in order 
to recover the hydrated titanium dioxide. The filtration is carried out in a hot 
filtration step in order to keep the particle size large enough to be captured by 
the filtering medium. 



The liquor is a misty blue colour due to the Fe and V components which can 
be recovered from the liquor. Once the Fe and V have been recovered, the 
liquor may be reused for washing or leaching. 

The hydrolysate recovered in the filtration process contains TiOxH 2 O.S0 3 . 
This product is washed with an ammonium solution, typically a 12,5% NH 3 
solution, to re move a ny residual Fe and V and also to remove sulphate as 
ammonium sulphate. 

The resultant TiOjxHjO hydrolysate, containing about 91% Ti0 2t and some 
Sd 4 2 \ VOS0 4l F^Sd4 and FeS0 4 , is then calcined in an oxidative 
environment by passing air through the product at a temperature of about 
950°C for about an hour. The S0 3 is driven off and can be recovered as 
H 2 S0 4 together with the waters of crystallisation. The resultant titanium 
dioxide product has a purity of about 98% 



If desired, the ^ leachate containing the : VOS0 4 and FeOS0 4 /FeS0 4 is 
crystallised, and filtered to recover (NH 4 ) 2 S0 4 fertiliser. The solution containing 
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the Fe and V components can then be treated in a conventional manner to 
recover the iron and vanadium. 



As mentioned previously, pure titanium dioxide is a very valuable product as a 
white pigment. Hpwever, a 98% titanium dioxide product is not suitable for this 
purpose. Accordingly, the titanium dioxide recovered is further purified by a 
purification process in order to produce a product greater than 99.99% 
titanium dioxide. 



The first step in. this additional purification process is a gas chlorination step. 
In this step, the titanium dioxide is bricketed or pelletised and then intr^ 
into a shaft furnace or salt bath to which is added a small amount of activated 
carbon. Chlorine gas is then passed through the bottom of the bed at ambient 
temperature. The temperature in the bed typically reaches about 900°C 
whereupon gaseous TiCI 4 is driven off. 



The gaseous TiCI 4 is then condensed in a conventional condenser and the 
crude liquid TiCI 4 containing FeCI 3 and VOCI 3 is recovered. 

The crude TiGl^ i liquid is distilled in a distillation column with a sodium chloride 
crystals reactor to remove the FeCI 3 and some of the VOGI3. The remainder of 
the VOCI3 <^n be removed by a fractional distillation process with aluminium 
as a reagent in a conventional manner. The VOCI3 recovered in the fractional 
distillation process can then be further treated to recover vanadium. 

The purified TiCI 4 liquid is then oxidised in an oxidation, process in order to 
produce titanium dioxide pigment having greater than 99.99% purity. 
Alternatively, the pure TiCI 4 liquid can be treated in a conventional Krohl 
process to produce titanium metal. 



The above embodiment of the invention will now be described in more detail 
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with reference to the following non-limiting example. 
EXAMPLE 



The slag used in this example comprised the following components: 

CaO ' 14% 

MgO 13% 

Si0 2 25% 

Al 2 0 3 15% 

' TiOj 25% "•. ■ >/,. • 

V 2 O s 0,7% 
FeO 6,5% 

The raw slag material was ground and classified until 80% of the fine 
particulate material had an average diameter of less then 175 microns, as 
determined; by passing the particulate material through a 175 micron mesh. 

15 Litres of 9.3% H 2 S0 4 was introduced at 25°C into a sealed reactor. 20 kg of 
fine slag material was then introduced into the reactor and after about 2 
minutes the temperature rose from about 25°C to about 63°C, which js 
indicative of the exothemiic reaction already taking place. Air r which had been 
pre-heated to 400°C, was then introduced into the bottom of the reactor. The 
^PPrppriate valve was opened to about 25% of its capadty. Within 5 minutes, 
the temperature of the reaction mixture had reached 100°G whereupon the 
exothermic reaction started to take place, as was evident from the violent 
white fumes of S0 3 coming off the reaction mixture. After a further 3 minutes 
the temperature had risen to about 173°G and continued to rise to a maximum 
of about 21 0 9 C, whereafter the temperature started to drop. After a further 10 
minutes, the temperature had dropped to about 100°C at which time cake 
formation commenced. The air valve was then opened to its full capacity and 
the temperature once again rose to about 130°C whereafter it dropped off. 
The air was allowed to continue flowing through the cake mass for a period of 
6 hbujrs to form a porous cake/ 
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The porous cake was ti^n leached by passing water from the bottom of the 
reactor together with compressed air to keep the temperature below about 
90°C. It is important to keep the temperature below 90°C, preferably below 
85°C, more preferably bSIb^ birder to prevent premature hydrolysis of 

the titanium dioxide! T^e liquid to solid ratio was found to be i :1 with a high ' 
concentration of TiOSQ 4 , VOS0 4 , FeSC> 4 and FeS6 4 . The air was allowed to 
continue bubbling through the mixture for 4 hours/ acting as a mixing agent 
and agitator, until the entire cake had been digested to produce a liquid 
suspension. The reactor was then drained. 



The suspension was filtered to remove calcium sulphate and slag residue. The 
leachate or solution containing the titanyl sulphate, VOS0 4 , FeOSQ, and 
FeS0 4 and ppm amounts of calcium, which was a very dense solution (almost 
oil like) due to its high concentration, was .then hydrpjysed to obtain the 
titanium dioxide. In order for hydrolysis to take place, an appropriate amount 
of water was seeded with about 1% nuclei rutile and then heated to 60°C. The 
trtanyl sulphate solution was then added to the preheated seeded water 
solution and the temperature raisbd to boiling point (+/- 95°C) whereafter 
hydrolysis took place, producing a white suspension. The process was 
continued for an hour in order for hydrolysis to be completed, whereafter the 
hot suspension was filtered to recover the hydrated titanium dioxide. This 
hydrolysate was then washed with a 12,5% NH 3 solution to remove any 
residual Fe and V and afeo residual sulphate as ammonium sufphate. The 
filtered hydrolysate was removed and calcined in siri oxidative environment at 
950°G for 1 hour in order to drive off S0 3 and waters of crystallisation 

The resultant product was a white titanium dioxide which was analysed and 
found to be +/- 98% pute. 

Although the 98% titanium dioxide was not further purified, it is believed that 
the addftioriaTpurific^ori pro to produce 
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greater than 99.99% titanium dipxfcje from the 98% titanium dioxide material. 

Although the additional purification step results in a greater than 99.99% 
titanium dioxide producS, chlorine gas is an extremely dangerous product and 
has to be used under strictly controlled conditions. The applicant therefore set 
about adapting the process to produce 99.9% titanium dioxide without the 
need for an additional gas chlonnation stage. It was surprisingly found that by 
optimising the process steps in a number of areas, a titanium dioxide product 
having a purity of greater than 99,9% can be obtained. 

Accordingly a second, particularly preferred embodiment will now be described 
with reference to the accompanying drawing. 

The titanium slag available is dried as needed and ground to a uniform fine 
particle, size, The puiy^ slag is mixed with approximately 1.3 parts by 
weight of 93% sulphuric acid and heated with pre-heated air in a reactor 
vessel. At about 100°C the exothermic reaction starts, and the slag is 
converted into a solid mass composed of soluble titanium, vanadium and iron 
sulphates. The use of heated air instead of heated steam has been found to 
be preferable. ^ is that the Highveld Steel slag used in the 

process has free iron present, in an amount of about 4%, in the ferrous state. 
Accordingly, it is undesirable to have water in the fusion reaction as it would 
transform the free iron to the Fe^ state. In addition, the presence of oxygen in 
the heated air assists in the recovery of the titanium by converting t » • T to 

ti^ - L- ... 

Cold air is then blown through the cake for about 4 hours after the reaction is 
completed to produce a porous cake. The cake so produced is left to mature 
for about 8 hours. \ ; 
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The reaction cake fe then digested in water, and optionally recovered process 
acid, in a ratio of water to solid of about 1.5:1 in order to dissolve the desired 
titanium compounds. During the introduction of water, air is introduced 
simultaneously to assist with agitation, as mechanical agitation would not at 
this stage be effective due to the solid cake formed. During the introduction of 
air and water ah exothermic reaction takes place. As it is important for the 
reaction temperature to be controlled below 75°G, in order to avoid premature 
x^stallisatlon^ 

vessel is maintained. After the desired amount of water has been introduced, 
air. and mechanical agitation is used to break the cake into a homogeneous 
suspension. The appropriate time to achieve the suspension is in the order of 
4 hours, but visible inspection will indicate when this has been achieved. 

Some of the titanium compounds which are believed to go into solution when 
digesting the qak^ with, wate 

. - T1Q 2 .XH 2 0 : : 

TI0S0 4 .H 2 0 

TiOSO^H^ 
tiS^ 

TiSO4.H2SO4.H2O 

:: .. ... ' 

Where ilitienite is used as a raw material, the solution typically contains 
trivalent or "ferric" iron. This is reduced to the divalent or "ferrous" form with 
scrap iron as reducing agent. This step is not required in the case of the 
Highveki Steel slag as the iron in the slag is already in the "ferrous" state. 

The suspension so obtained is filtered through a filter system, typically using 
large settling tanks. The filtrate consists mainly of calcium sulphate CaS0 4 
and residue. The CaS0 4 residue can be treated to recover H 2 S0 4 . A very 
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dense yellow solution is obtained after filtering, which is rich in peroxide 
Ti0 3 .2H 2 0. By way of information, the peroxide is an oxidising substance 
which is unstable in the presence of water and is much more soluble than Ti0 2 
or Tip2,H 2 0- 't dissolves in acid solutions with the formation of yellow to red 
pertitanyl ions (TTCV*). In alkaline solutions, it forms trtanate ions (HTiCV) 
and/or colourless pertitanate ions (HTiO/ and TiCV). The solubility of the 
peroxide is around 1g.mol/l at a pH of O r 5 (add medium) and at a pH of 12 
(alkaline medium). By the action of hydrogen peroxide on very acid solutipns 
of tri- or tetravalent titanium, a solution of pefoxidized TiO/ + ions is obtained, 
which deposits as a predprtate of peroxide, Ti0 3 .2H 2 0, upon increasing the 

During the hydrolysis step, the titanium solution is transformed into a white 
titanium oxyhydrate slurry. The steps that have gone before are fundamental 
in preparing the titanium compounds;^ One step which is not 

required when using Highveld slag is crystallization and vacuum concentration. 
Thus, hydrolysis is carried out by contacting the titanyl sulphate containing 
solution with heated water, which has been seeded with nucleating or seeding 
agents, in particular nuclei rutife, and then boil^. ; 

The formation of titanyl hydroxide proceeds according to the following 
reartipns: 

TT~ + 20H- — ► TiO~ + H 2 Oand 

. 

To increase the rate of thermal hydrolysis of sulphate solutions at atmospheric 
pressure and at the same time obtain products of pigment grade, nucleating or 
seeding agents are added. Normally only 1% nuclei or seed agent is required. 
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The composition, purity, and physical properties of hydrqlytically precipitated 
titanium dioxide depend to a large extent upon the conditions under which the 
decomposition takes place, such as composition of the solution employed, 
temperature, arid duration of boiling. In the ''commonly ^ employed processes, 
large changes in the concentration of the solution would take place as the 
hydrolysate is formed and an equivalent amount of acid is liberated. Thus the 
fpiinatiort of titanic add will take place tinder entirely different conditions at the 
beginning and at the end of the operation. 

To overcome this effect, a titanium-rich solution is prepared from the slag, 

transferred into a precipitation vessel and heated until practically complete 

hydrolysis has taken place. Four fifths of the liquor is then removed. To the 
remaining one fifth, still at the precipitation temperature, fresh pregnant 
solution is added at such a rate as to secure a practically constant 
concentration of dissolved titanium until the vessel is filled. Heating is 
continued throughout the process. The supply of solution is then interrupted, 
and four fifths of the liquor is again removed. The operation is repeated as 
often as is necessary. The above process only requires initial introduction of 
nuclei or seeding agents, thereafter the brie fifth liquor contains enough nuclei 
seeding agents to initiate the hydrolysis reaction. The total cycle time of the 
exercise is between 3 and 6 hours; 

The Ti0 2 .xH 2 0 is removed by means of filtering through a filtering system. 
The hydrolysate is then washed with either sodium hydroxide, ammonium 
hydroxide, water, phosphoric a or dilute sulphuric acid to improve the 
- properties of the titanium white. Contaminants that would impart undesirable 
colour to the finished product are removed 
washing on special filters. 

The iron/vanadium solution can be heated with a 25% NH 3 solution, 
crystallised and filtered to recover the iron and vanadium 
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The main reason for washing the hydrblysate Is to neufraifee the liquor and to 
improve the crystal properties. Conditioning agents such as dilute acids and 
zinc or aluminium powder or a powerful non-metallic! reducing agent or 
phosphoric acid or iari : alkaline metal OTuld : also be introduced during this 
washing stage, to ensure the formation of the rutiJe structure during the 
calcination process that follows. 

The thoroughly purified and washed hydrolysate obtained by the thermal 
hydrolysis of titanium salt solutions is an amorphous hydrous oxide which still 
contains impurities as chemi-adsorbed acid. In addition, it is too fine-grained 
and almost amorphous, which Is undesirable for pigment, grade In the 

production of pigment grade Ti0 2 , accordingly, a calci nation step is necessary 
to drive off the water and residual acid and at the same time convert the 
titanium dioxide to the crystalline form of a required particle size. At the same 
time, desired pigmentary properties are developed. 

Amorphous titanic oxide or hydroxide (nO f xH 2 0;SQ 3 ) > such as is obtained 
from the sulphate solution, is converted to the crypto crystalline modification of 
P jgment S^de Ti0 2 by calcination at 95G°G for 1 hour. : 

Grinding, classifying and pulverizing of the calcined product produces the TiOj, 
pigment material having a purity of greater than 99.9 

The various solutions produced in a test process of the invention were 
analysed by Anglo American Research Laboratories (Pty) Ltd for the presence 
of Si, Ca, Tf, V and Fe, and the results thereof are set out in table 1 below. 
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Table 1: Analysis of Solutions by ICP-OES 





Si 

rog/L .. .. 


Ca 
mg/L 


Ti 

mg/L 


V 

mg/L 


■ Fe : 

mg/L 


1 • 


: t1 ... 


209 


60498 


2025 


20952 


2 


4.4 


98 


8632 ... .: 


475 


4943 


3 




51 


178 


18 


186 


4 




354 


12887 


777 


11914 


.5. 




80 : 


1045 ... 


74; 


1151 


a;-;; 




151 


4922 


267 


4077 



Key to the above table: 

1; Solution obtained during the 1:1 water digestion of the fused cake in 
step 2. ". \ 

2. The filtrate solution obtained after the hydrolysis in step-4. 

3. the filtrate wash solution obtained in the hydrolysis step 4 when the 
TIp^xHjO is ^ removed by filtering and then washed. 

4. The firtered solution after hydrolysis (batch 1). 

5. The filtrate wash solution (batch 1). 

8 The filtrate solution after hydrolysis (batch 2). 



Various batches of Ti0 2 obtained in the abovementioned process were 
analysed td determine ^ results of this 

analysis is set out in table 2 which follows. 
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Table 2: Analysis Of TO 2 





Ti0 2 


Fe ' . 


S 


V 




% 


ng/g 


mfg 




6 


99.9 


413 


1969 


176 


7 


97.4 


234 


18817 


26 


9 


99.9 


525 


446 


198 


10 


81.3 


546 


65126 


205 



Key to table 2: 



6. Ti0 2 calcined for i hour. 

7. Ti0 2 calcined for Vi hour. 
9 T?p 2 calcined for 2 hours. 

10. TtQ 2 undergoing no calcination. 

From the above table, it is evident that at' least . 1 hour is required for obtaining 
99.9% Ti0 2 . However, in order to reduce the amount of S (in the form of S0 3 ), 
2 hours in the calcining operation was found to be optimum. 

From the above results, it is evident that it is possible to obtain pigment g rade 
titanium dioxide having a purity of 99.9% or greater without having to carry out 
an additiional purification method. 

As the process is able to produce tftanium dioxide which is extremely pure, it 
P rovfc te s an idea ' T 163115 of recovering trt<anfum dioxide from slag or other 
titanium dioxide bearing materials to produce white pigment or titanium meta], 
valuable products in industry. 
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CLAIMS 



A method of recovering titanium dioxide from a raw material containing 



a) ; grinding the titanium ^ dioxide bisaring material to form a 
particulate raw feed material; 



b) contacting the particulate raw feed material with a 
predetermined amount of sulphuric acid in a reaction vessel 
arid raising the temperature in the reaction vessel to a 
predetermined temperature at which a reaction takes place to 
produce a cake material containing titanyl sulphate; 



c) contacting the cake material with a sufficient quantity of water, 
and optionally recovered process acid, to dissolve the cake 
material^ 

d) filtering the iresuftaht suspension and collecting the solution 
ddntaining the titanyl sulphate; 



e) hydrolysirig the ffianyl sulphate containing solution by 
contacting the solution with water, which has first been seeded 
with an appropriate amount of rutfle and heated, or a portion of 
previously hydrolysed solution containing hydrated titanium 
dioxide, and heating the solution to boiling point to precipitate 

: ::: 



washing the hydrolysate with an ammonium solution to remove 
residual sulphate as ammonium sulphates followed by -filtering 
off the hydrated titanium dioxide; or 
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g) filtering the hydrolysate followed by washing with sodium 
hydroxide, ammonium hydroxide, water, phosphoric acid and/or 

. diluted sulphuric acid; and 

h) calcining the hydrolysate to drive off any residual acid and 



A method according to claim 1 , wherein the slag in step a) is ground to 
form a particulate material in which at least 80% of the particles are 
able to pass through a 45 micron mesh. 

to claim 1 or claim 2, wherein the reaction of the 
sulphuric acid solution and particulate feed material in step b) takes 
place in a fusion reactor. 

-A method according to claim 3, wherein the temperature is raised in 
the fusion reactor by introducing pre-heated air into the reaction 
vessel. 



5 A method according to any one of claims 1 to 4, wherein cold air is 
blown through the cake material after the reaction is completed to 
produce "a porous cake. 

6. A method according to claim 5, wherein the cold air is blown through 
the cake material for about 4 hours, 

7. A method according to claim 5 or claim 6, wherein the porous cake is 
left to mature. 



8. A method according to claim 7, wherein the porous cake is left to 
mature for about 8 hours. 
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9 1 A method according to any one of claims 1 to 8, wherein in step c) air 
is introduced with the water, and optionally recovered process acid, in 
order to assist with agitation to dissolve the cake. 



10. A method according to claim 9, wherein the air is cold air to control the 
reaction; tenri^ premature crystallisation of 
Ti0 2 . - - 



11 A method according to claim 10, wherein the reaction temperature is 
kept below about 85°C. 



12. A method according to claim 11, wherein the reaction temperature is 
kept below about 75°C. 



13. A method according to any on of claims 9 to 12, wherein after the 
desired amount of water has been introduced, air and mechanical 
agitation is used to break the cake into a homogenous suspension. 

14. A method according to any one of daims 1 to 13, wherein the 
hydrolysis step e) is carried out in the absence of a prior crystallisation 
and vacuum concentration step having taken place. 



1 5. A method according to daim 1 , wherein the titanium produced in step 
h) is further purified 



16. A method according to claim 15, wherein the additional purification 
comprises the steps of: 



0 bricketing or pelletismg the titanium dioxide and subjeding it to 
a chlorination step in order to produce gaseous TiCI 4 ; 
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j) condensing the gaseous TiCl 4 to produce a crude liquid TiCL,; 

.. k) distilling the crude liquid TiCI 4 to produce a substantially pure 
: TiCI 4 liquid; and either 

I) gasifying the pure TiCI 4 liquid to produce gaseous TiCI 4 arid 
oxidising the gaseous TTCI 4 to produce titanium dioxide 
pigment, or 

m) treating the pure TiC\ 4 liquid in a conventional process to 
produce metallic titanium. 



/ 
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